Here we report the expression pattern of the homeobox Ol-Rx3 gene, a medaka gene homologous to the mouse, Xenopus, zebra®sh and Drosophila Rx genes. Ol-Rx3 starts to be expressed, at late gastrula stages, in the presumptive territories of the anterior brain. Subsequently, transcripts are localised in an antero-ventral region of the prosencephalon and in the primordia of the optic vesicles. During organogenesis, distribution of Ol-Rx3 transcripts are gradually restricted to the¯oor of the diencephalon, the prospective territory of the hypothalamus and the neurohypophysis. During late development and in adult, Ol-Rx3 expression is maintained in hypothalamic nuclei bordering the third ventricle. In the optic vesicles, Ol-Rx3 expression is temporarily switched off when the eye cup morphogenesis is complete, but it is turned on again in the inner nuclear layer of the retina. Thus, the early expression pattern of Ol-Rx3 is in agreement with a conserved role in the speci®cation of the ventral forebrain and eye ®eld. Putative functions linked to late expression domains are discussed in light of the different hypothesis concerning the involvement of vertebrate Rx genes in the maintenance of particular cell fate. q
Results and discussion
Genes related to the Drosophila paired-like Rx gene (Mathers et al., 1997; Eggert et al., 1998) have recently been isolated in mouse, Xenopus and zebra®sh. In the late gastrula, vertebrate Rx genes are expressed in a conserved domain of the anteriormost part of the neuraxis. Subsequently, transcripts of the mouse Rx are found in the hypothalamus, posterior lobe of the hypophysis, and optic vesicles, which all originate from the diencephalic vesicle (Furukawa et al., 1997; Mathers et al., 1997) . Two closely related Xenopus Xrx1/2 genes are expressed, until late somitogenesis, in the chiasmatic ridge, eyes, epiphysis and adenohypophysis (Casarosa et al., 1997; Mathers et al., 1997) . In zebra®sh, three distinct Rx genes -referred to as Zrx-have been isolated and display, during later development, modulated expressions: Zrx1 and Zrx2 are prominently expressed in the neuroretina, whereas Zrx3 transcripts are primarily found in the ventral forebrain (Mathers et al., 1997) .
Knock-out of the murine Rx gene prevents the formation of a large part of the ventral forebrain and of the optic cup in mutant embryos (Mathers et al., 1997) , showing its early requirement in the speci®cation of these prosencephalic territories. Besides, overexpression of Xenopus Rx genes generate ectopic retinal tissues and hyperproliferation of the retina, suggesting a later role in the development of the neuroretina (Mathers et al., 1997) .
As a ®rst step in the characterisation of molecular mechanisms underlying the hypothalamus ontogenesis, we have cloned Rx genes in medaka. For this purpose, degenerate primers localised in two highly conserved domains of vertebrate Rx genes have been designed for PCR and led to the ampli®cation of three distinct fragments. Sequence analysis showed their homology with the three zebra®sh Zrx genes (Mathers et al., 1997) . We further characterised the expression of the medaka ortholog of Zrx3, which we have thereby named Ol-Rx3 (Oryzias latipes-Rx3).
During gastrulation, Ol-Rx3 transcripts are ®rst detected at 80% epiboly (stage 16). The signal is detected in a U- shaped group of scattered cells which altogether may correspond to the presumptive territory of the anterior neuraxis (Fig. 1A) . As morphogenesis of the neural tube proceeds (stages 17,18), the positive cells converge to the anterior tip of the embryonic axis, thus forming a more compact signal (Fig. lB,C) . From the start of somitogenesis onwards (stage 19), Ol-Rx3 expression is observed in two distinct domains. One of them is a stripe of cells localised anteroventrally to the optic vesicles, a region that may include both the diencephalon¯oor and the primordium of the anterior hypophysis, which is homologous to the Rathke's pouch of Amniotes (arrowhead in Fig. lE,F ). This ®rst signal gradually moves caudally and ventrally, following probably the¯exure of the anterior cephalic compartment. The second expression domain consists in two lateral patches representing the optic vesicles anlagen which are protruding from the ventral forebrain (Fig. 1C,D) . During early somitogenesis (stages 20±23), Ol-Rx3 expression in the eyes is progressively down-regulated following a posterior to anterior wave. Before its overall extinction in the eyes, Ol-Rx3 expression is ®nally located in the anterior margin of the retina and in the optic stalks (Fig. lE,F) .
During early organogenesis (stage 26), the Ol-Rx3 expression domain uniformly extends all along the diencephalon¯oor, a territory which will give rise to the hypothalamus and the neurohypophysis (Fig. 2A±C) . From the 34 somite-stage (stage 29) onwards, Ol-Rx3 exhibits a more regionalised expression in the developing hypothalamus (Fig. 2D) . Transverse sections of late organogenesis stages embryos display a prominent expression of Ol-Rx3 in periventricular domains: the ventral region of the presumptive lateral recess (which emanates from the third ventricle), the wall of the third ventricle, and the neurohypophysis, overlying the adenohypophysis (Fig. 2E,F) . In the brain of juvenile and adult medakas, Ol-Rx3 transcripts are found in the rostral hypothalamus in a few rows of cells bordering the third ventricle and in the median eminence overlying the pituitary gland (black and white arrow head in Fig. 2H ). These regions encompass the HV nucleus (hypothalamus periventricularis ventralis) as de®ned in Anken and Bourrat (1998) . As the lateral recess diverges from the midline, OlRx3 transcripts are detected in the caudal region of the hypothalamus as a weak and narrow signal in the ventral region of the nucleus recessus lateralis (double arrow in Fig. 2I ), also called HD (hypothalamus periventricularis dorsalis). Cells stained in the hypothalamus might correspond to cerebrospinal¯uid (CSF)-contacting neurons whose neurites protrude into the lumen of the third ventricle (Garcia-Fernandez et al., 1997) .
A second wave of Ol-Rx3 expression takes place in the eye at the 34 somite-stage. As the retina displays its overall laminar organisation, a discontinuous hybridisation signal is found in the inner nuclear layer (INL) of the retina located underneath the layer of the photoreceptor cells (cones and rods) (black arrow in Fig. 2E,G) . This localisation corresponds to the position of the horizontal and/or amacrine cell types.
Our observations come to strengthen the hypothesis that Rx genes take part in the early determination of the ventral diencephalon and the eye ®eld. Interestingly, the expression domains of medaka Ol-Rx3 and Six3 (Loosli et al., 1998) overlap from gastrulation to neurulation. This suggests that interactions may occur between Rx and Six genes which are both conserved throughout the evolution of vertebrates.
A role for Rx genes in the proliferation of retinal cells has been proposed based upon the expressions of mouse and Xenopus Rx genes in multipotent retinal progenitor cells during late development (Furukawa et al., 1997; Mathers et al., 1997) . Late Ol-Rx3 expression data do not appear to support such a putative role, since its transcripts are found in differentiated but not in proliferating cells of the medaka retina. These two cells types are unambiguously recognisable in teleosts, due to the annular mode of growth of their retina (Johns, 1977) . Role in retinal cells proliferation might be assumed by other members of the Rx genes family in ®sh.
In addition, a possible involvement of the Xrx genes in the control of circadian rhythms has been evoked as they were found to be expressed in the chiasmatic nuclei, hypophysis, pineal gland and retina of Xenopus. We have therefore considered whether Ol-Rx3 expression occurs in cells having potential phototransducing properties. Ol-Rx3 is expressed in hypothalamic CSF-contacting neurons which are known to display an immunoreactivity to opsins photopigments of non-mammalian vertebrates (for review, see Foster et al., 1994) . Moreover, Ol-Rx3 transcripts are not found in typical photosensitive cells of the retina (cones and rods), but they are present in the inner nuclear layer (INL) of the retina, in which divergent opsins have recently been found to be expressed, in addition to a diencephalic localisation (VA opsin in salmon, Soni et al., 1998 , melanopsin in Xenopus, Provencio et al., 1998 . Therefore, Ol-Rx3 expression might colocalize with still uncharacterised photoreceptors involved in non visual tasks.
However, late Ol-Rx3 expression pattern is not clearly related to that of the Xenopus Xrx. The murine Rx gene may exhibit a more similar pattern during organogenesis, since it is expressed in both the eye and the hypothalamus, but lack of expression data in the mouse adult brain does not allow us to draw a comparison with the adult pattern in medaka. It would be more probable that each of the ®sh genes are specialised in the ontogenesis of either the hypothalamus and the eyes. Further experiments are thus required to understand how distinct patterns of Rx genes expression were generated in course of vertebrate evolution.
Experimental procedures

Isolation of the Ol-Rx3 PCR fragment
Degenerate primers were designed according to sequences of vertebrate Rx genes reported in Mathers et al. (1997) . These primers were taken in well-conserved regions of Rx sequences, the paired-type homeobox and the OAR domain (speci®cally found in the Otp Aristaless Rx genes) (5 H -GTYCGAGTDCAGGTDTGGTTYCARAA; 3 H -CCASGKYTTCYCYATGACTGRATGTG). A RT-PCR was performed with puri®ed poly (A) 1 RNA extracted from stage 25 medaka embryos. The following PCR conditions were used: 39 cycles 948C, 30 s; 508C, 1 min; 728C, 1 min, 15 s. PCR products were further cloned in PCR II-TOPO vector (invitrogen). Recombinant clones exhibiting an insert of expected size (450±500 bps) were submitted to sequencing, using the dRhod sequencing kit (Perkin±Elmer). Five out of eight analysed clones displayed sequences most closely related to those of the three types zebra®sh Rx genes (Zrx1, Zrx2, and Zrx3).
Whole-mount in situ hybridisation
A medaka Ol-Rx3 digoxigenin labelled riboprobe was generated from the cloned PCR fragment by in vitro transcription. Whole-mount in situ hybridisation on embryos and adult brains was performed as described in Joly et al. (1997) .
